8AS Nuclear Physics B45 (1972) 1-11. North-Holland Publishing Company

DECAY ANGULAR DISTRIBUTIONS OF pr~ STATES FORMED
IN DIFFRACTION DISSOCIATION OF NEUTRONS ON CARBON*

J.C. VANDER VELDE, LW. JONES, M.J. LONGO and D.D. O’BRIEN
University of Michigan, Ann Arbor, Michigan 48104

M.B. DAVIS** B.G. GIBBARD*** and M.N. KREISLER

Princeton University, Princeton, New Jersey 08540

Received 13 December 1971
(Revised 26 May 1972)

Abstract: We present decay angular distributions of the pr ™ system formed from the interactions
ot 25-30 GeV/c neutrons on a carbon target. The data are studied as a function of ¢',
which allows a partial separation of coherent and incoherent events. It is found that the
coherent production goes substantially into pr™ states with J > 21 and is consistent with
pure J = % We are not able to draw any firm conclusions about the question of helicity
conservation from the data. There is no evidence for coherent production of the known
I= % resonances. Comparison is made of the data with predictions of the Drell-Hiida-Deck
and double Regge models. In their present form these models do not appear to give satis-
factory descriptions of the data.

1. INTRODUCTION

In a spark chamber experiment at the Brookhaven AGS we have studied the
process

n+Ad->p+n +4', (n

where A and A’ represent a target and recoiling nucleus respectively. A description
of the beam, the apparatus, and results for the mass and ¢’ distributions for various
nuclei have been given previously [1]. The salient features of the results were a broad
low-mass peak in the pr— system with essentially no evidence for resonances and a
sharp forward peak in the #(n > pn~) distribution characteristic of coherent diffrac-
tive production.

* Work supported in part by the US National Science Foundation and the US Atomic Energy
Commission.
** N.D.E.A. Predoctoral Fellow,
*** Now at CERN, Geneva 23, Switzerland.



o

J.C. Vander Velde et al., Diffractive dissociation

In the present paper we discuss the decay angular distributions of the pn— systen
produced off a carbon target. We restrict the data to neutron momenta in the
range 25--30 GeV/c. The data for lower momenta and other targets are not signif-
icantly different from those presented.

2. DECAY ANGULAR DISTRIBUTIONS

We have analyzed the decay angular distributions in two coordinate frames de-
fined in the pm— c.m.s.. In the Jackson frame the 2 axis is taken along the incident
neutron direction, or the direction of a virtual particle exchanged in the r-channel.
In the helicity frame the Z axis is opposite to that of the recoiling nucleus, or the
direction of a virtual particle exchanged in the s-channel. The two frames coincide
att' =1 - fmin = 0. In both frames the y axis is perpendicular to the production
plane ($=A X A").
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Fig. 1. Distributions in the cosine of the polar angle of the »™ in the pr™ rest frame. a—d are

for various t' bins as indicated and 6 is measured in the Jackson trame. e —h are for the same ¢’

bins with # measured in the helicity frame. Note that all distributions only cover the angular

range — 0.04 < cos @ < 1.0. The pr™ invariant mass is restricted to the interval 1.10-1.32 GeV.
The higher mass region gives similar results.
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The distributions of the cosine of the polar angle of the 7~ in these systems are
shown in fig. 1. The data are divided into four ¢’ intervals, where ¢’ is the four-mo-
mentum transfer squared minus its minimum value. We believe that the lowest ¢’
interval contains primarily coherent events, the second interval about half coherent
events, and the highest two intervals primarily incoherent events. The precise coher-
ent/incoherent ratio for each inverval is unknown since we do not observe the state
of the recoiling nucleus and therefore must rely on the shape of the " distribution
to indicate the fraction of coherent events [1]. The distributions, which have been
corrected for detection efficiency, have been cut off at cos § = —0.04 in each case
because our efficiency becomes small beyond that point. Thus we only present that
half of the angular range in which the 7~ goes forward in the pn— rest frame.

3. DISCUSSION OF SPIN STATES

Referring to fig. 1 (a or e) there is a definite peaking toward cos 8 = + 1. This is
characteristic of a pr~ system with spin J > 2 which is restricted by kinematics to
have helicity values of 1 at t' = 0. In fact, at #" = 0 we expect a flat distribution for
pure J =4, and (1 +3 cos2 @) for pure J = 2 [2]. AsJ increases one gets a steeper and
steeper peak and a broader and flatter minimum [3]. As can be seen from the curve
on fig. 1a the data are fairly well represented by a pure J = 2 state, although a mix-
ture of several spins cannot be ruled out. If we assume, for the moment, that an
arbitrary mixture of J =4 andJ = # is all that is present for —¢" < 0.01, then = 70%
of the cross section is due to J = 21 if we allow no interference.

If we assume that only J = § states are present then the 3+ P wave and 3~ S wave
amplitudes can interfere to give an angular distribution of the form 1 + B cos §
where B has a maximum value of 1. Such a distribution fits the data rather poorly so
that at least some JZ% amplitude must be present. It we allow only S and P waves
so that the three amplitudes +*, 47, and 2* are possible, then the data require a min-
imum of about 15% 3 amplitude with maximum constructive interference. In fact,
20% 3% amplitude can interfere with 80% 1+ to give the same 1 + 3 cos? @ shape as
pure J = 3. Thus we cannot rule out a mixed state which is predominantly J = 1.
However, the constancy of the angular distribution as a function of mass, shown in
fig. 3, would seem to make this explanation unlikely since rather small changes in
the relative amplitudes and phases of interfering states can cause rapid fluctuations
in the angular distributions. In any case the calculations of Rushbrooke and of
Resnick [4] which predict overwhelming dominance of J = § seem not to be borne
out.

The simplest interpretation of the data would be a cross section in the low ¢’
region which was dominated by AJ 2 1 or possibly pure AJ = 1. We note that the
dissociation on heavy targets of  into A; and K into Q mesons seem to show a
similar AJ = 1 behavior [5], so that one is tempted to speculate that this is a gen-
eral property of diffraction dissociation. We emphasize, however, that our data are
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consistent with a mixture of several different J¥ states, including/ = 1. We have no
information about the parity of the pm— system.

4, DISCUSSION OF HELICITY CONSERVATION

We turn now to the question of helicity conservation [6]. Recent data on rho
photoproduction and #-N elastic scattering [7] have indicated s-channel helicity is
conserved for these processes, whereas ¢-channel helicity appears to be conserved in
the reaction mp > A, p [8].

For the reaction we are studying, helicity conservation in the z-channel (s-channel)
over a given ¢’ interval, would imply that the cos @ distributions were independent
of ' in the Jackson (helicity) coordinate frame, provided a pure J¥ state was being
produced or the various amplitudes in a mixed state had the same ¢' dependence.
Since we have no reason to make such assumptions, the rapid ¢’ dependence of the
shapes of the cos 8 distributions shown in fig. 1 do not rule out helicity conservation
in either channel.
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Fig. 2. Distributions in the azimuthal angle of the #™ in the pn ™ rest frame. a—c are for the

Jackson frame and d—f for the helicity frame in various ¢’ bins as noted. In a—c only those

events with cos 8 (Jackson) = 0 are plotted and in d—f only those events with cos @ (helicity)

> 0 are plotted. The pn™ mass is in the interval 1.10—-1.32 GeV. The higher mass region gives
similar results.
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It is possible that the cos 8 distributions are separately independent of ¢’ for
coherent and incoherent events, i.e. a peaked cos @ distribution (fig. 1a) for coherent
production could be superimposed on a relatively flat distribution (fig. 1d) for in-
coherent production, with both processes being ¢'-independent and adding to give
the intermediate distributions of figs. 1b and 1c.

For the azimuthal angle distributions, z-channel (s-channel) helicity conservation
implies a flat distribution in the Jackson (helicity) frame. Since we have an unpolar-
ized beam and target, the distributions must be flat at t' = 0. The helicity frame dis-
tributions (figs. 2d—f) are consistent with being flat for all 7" and therefore allow
(but do not require) helicity conservation in the s-channel for both the incoherent
and coherent events. The anisotropy in fig. 2¢ appears to rule out ¢-channel helicity
conservation for incoherent events but we hesitate to conclude that this implies the
same would be true for a free nucleon target. The incoherent background could be
responsible for the slight anisotropy in figs. 2a and 2b so that r-channel helicity con-
servation cannot be ruled out for the coherent production. Thus we cannot draw any
firm conclusions about helicity conservation from our data. The question could per-
haps be settled if it were possible to obtain a much cleaner sample of coherent events
than ours. It would also be instructive to know the production and decay character-
istics on hydrogen.

5. COMPARISON WITH MODELS

Based on the structureless mass distribution, it was noted in ref. [1] that there is
very little, if any, evidence for production of resonances in the low t' region. The
angular distributions in fig. 3 seem to confirm this. They show no change as one
moves through the entire mass region, including that of the known I = 7~ p reso-
nances in the interval 1400—1700 MeV. The entire coherent cross section appears
to arise from a single mechanism which is mass-independent except for rate.

We have attempted to describe the data with various models based on the diagram
shown in fig. 4a. In the Drell-Hiida-Deck (D-H-D) model {9] the shaded blob is re-
presented by a phenomenological 7~-C elastic diffraction scattering. The cross
section is given by [9]

d4o P At 2 ( A ) _
[e 8 _) 2
drdM?d(cos 6)dy (M) (i )( Y (& (2)

where 8, ¢, and P* are measured in the 7~ p rest frame and M is the n~p invariant
mass. The slope A = 50 GeV 2 for carbon, and the variable S% =0.25X
(Spc — Mg +1)D) (S, — (M — w)?) with S_ -~ being the 7~-C' invariant mass, and
M and u the carbon and pion masses. The form factor F(A?) can be an arbitrary
(presumably decreasing) function of the n to p four-momentum transfer A.

This D-H-D form for the cross section does not give a good fit to the data, for any
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Fig. 3. Cos ¢ distributions (Jackson frame) for — ¢ < 0.02 as a function of pr™ mass, as labeled.
Note that all distributions only cover the angular range — 0.04 < cos 6 < 1.0.

F(A2), for the following reason. If we put F =1 then the predicted mass spectrum
peaks at too high a mass and is too broad, as can be seen in fig. 4b. Moreover the
prediction for the cos 8, (Jackson) distribution is approximately proportional to
(1 +cos 6,) for small t'. This is a poor fit to the data which, as has been shown, is
closer to 1+3 cos? 6_. If we now change F(A?) to be a decreasing function in order
to fit the mass spectrum, then the cos 0 predictions is even less peaked toward
cos @, = +1 and the cos 6_ fit becomes worse. Thus the D-H-D model cannot be made
to fit the mass spectrum and the cos 8 spectrum simultaneously, even for an arbitrary
F(A?). Incidentally, putting F = — 1/A2 gives a mass peak much too low and sharp,
as can be seen in fig. 4b. This F' also predicts an approximately flat cos 8 distribution.
The other model we have tried is the Reggeized version of the D-H-D mode] as
suggested by Berger [10]. In this model the exchanged particles of fig. 4a are to be
represented by the pion and the Pomeranchukon Regge trajectories. The essential
difference between the formula we use for this double Regge Model (DRM) and the
D-H-D model is the replacement in (2) of F(A2) by

2a

2 _ 2 4 LA2 m

Fz(Az' M):[M—mz*A:l ,
S0
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Fig. 4. (a) Exchange diagram for Drell-liida-Deck or double Regge models. (b) pr~ mass spec-

trum, Solid curves are predictions of D-H-D model, for two different form factors, in the —¢’

interval 0.0 to 0.01 GeV?2, (¢) pr~ mass spectrum predictions for DRM-A and DRM-B (see

text). Both the data and the theoretical curves in (b) and (c) are restricted to cos 0, (helicity) >
Data have been corrected for detection efficiency.

where m is the neutron mass, S5 is an unknown scale constant, and ozn(A2) is the
pion Regge trajectory. We will discuss two different choices of o and §,4 which
give approximate agreement with the data. Both choices have a linear pion trajec-
tory, &, = o, +a’ A2 with &’ = 1.0 GeV~2. In the first choice (DRM-A) we put

o, = —0.02 and §,4 = 0.7 GeV2. The second choice (DRM-B) has a, =—0.5and
Sy = 1.8 GeV2. This second choice for a, does not seem consistent with what is
known about the pion trajectory but, as we will show, it gives a significantly better
fit to the data than choice A does. Thus DRM-A should be viewed as the simplest
version of the model, whereas DRM-B at this point represents just a change in the
parameters in such a way as to give better agreement with the data, but does not
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necessarily make any good physical sense in the context of the DRM. These two
choices by no means exhaust all the possible parameter sets or modifications of
the DRM, but they represent about the best one can do in fitting our data using
eqs. (2) and (3), and perhaps this is instructive.

If we look first at the mass spectrum (fig.4c) we see that the factor £, brings the
theory into reasonable agreement with the data for both DRM-A and DRM-B. Note
that both data and theory include only the region cos 6_ (helicity) > 0. The ¢’ de-
pendence of DRM-B is indicated by the upper and lower curves for the — " inter-
vals of (0 to 0.01) and (0.01 to 0.03) respectively. DRM-A shows a similar behavior
but the —¢ = (0.01 to 0.03) prediction is omitted for clarity.

The relative normalization of the predictions for the two ¢’ intervals is only ap-
proximately meaningful in the sense that we have multiplied the prediction for the
higher —¢" interval by a factor of 2.0 to account for the data in this interval being
approximately 50% background. We will consistently use this relative normalization
when plotting predictions for angular distributions in the remainder of the paper.

In plotting angular distributions we now divide the data into four subscts defined
by the two mass intervals AM| = 1.10to 1.32 GeV, AM, = 1.32 to 1.56 GeV; and
the two — ' intervals A7} = 0.0 to 0.01 GeV2, Ar5 = 0.01 to 0.03 GeV2.

The distributions of cos 8 {Jackson) are shown in fig. 5. The normalizations are
determined from the AM, Ari interval in each case. The choice DRM-B gives a
significantly better description than DRM-A, particularly in the AM, interval.

N

7’
2=~ COS 8y (Jackson) e COS 8y (Jackson)
-.0 -68 -36 -04 +28 +60 +92 -68 -36 -04 +28 +60 +92

Fig. 5. Distributions of cos 0, (Jackson) for four different mass and ¢’ intervals as described in

text. The data are given by the solid dots and some typical error bars are shown. Predictions of

DRM-A and DRM-B are given by dashed and solid curves respectively. The normalizations are
described in the text. The ordinates are in arbitrary units.
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We next look at the azimuthal distributions in the Jackson frame, shown in fig. 6.
In this case both DRM-A and DRM-B give fairly acceptable fits. The drop-off of the
theories toward ¢ = 180° is due to the S% factor in (2), which explicitly violates ¢-
channel helicity conservation. Clearly the data taken as a whole also show such a
violation. However, as mentioned earlier, we cannot be sure that the coherent events
by themselves would show a violation.

The distributions in ¢, (helicity) are shown in fig. 7. The data here are almost flat,
showing only a slight upward trend toward 180°. The DRM-B appears to give a better
description of the data than does DRM-A, as was the case in fig. 5.

To summarize, the Drell-Hiida-Deck formula (2) does not give an adequate des-
cription of our data, even for an arbitrary choice of F(A2). The factor Fz(Az,M) of
the double Regge Model allows a somewhat better description of the data, but with
the following shortcomings. The DRM-A (normal pion trajectory) does not give a
good description of the cos 6 and ¢ (helicity) distributions. We note that by arbi-
trarily changing the pion intercept to — 0.5 one can improve the cos 8 and ¢ (helicity)
fits but it is not clear that this makes any physical sense. Within the context of the
DRM it might mean that a combination of the pion trajectory plus lower lying ones
and possible Regge cuts is needed to describe diffraction dissociation. It would be of

DRM-A and B
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Fig. 6. Distributions of azimuthal angle in the Jackson frame for four different mass and ¢ inter-

vals. Data are given by solid dots. Predictions of DRM-A and DRM-B are shown by dashed and

solid curves respectively.
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Fig. 7. Distributions ot azimuthal angle in the helicity frame for four different mass and ¢’ inter-

vals. Data are given by solid dots. Predictions of DRM-A and DRM-B are shown by dashed and

solid curves respectively,

interest to pursue these questions further with data which covers the whole cos 0
region and a wider ¢ range than ours do. Applicability to a variety of reactions woulc
also seem essential for any model to be believable.

We would like to thank G. Kane, M. Ross and J. Pumplin for helpful discussions.
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